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1.0 INTRODUCTION

The Town of Wellfleet, Massachusettsyorking through the Wellfleet Restoration
Committee,is conducting furtheanalysisto evaluatethe restoration of Mayo Creek Salt
Marsh (Figure 1). This current analysis follows up omanitial feasibility study and
hydrodynamic model development conducted in 2011 (Woods Hole Group, 2011).
Currently,Mayo Creek is connected Wellfleet Harborthrough a Zoot diameterpipe
culvert under Commercial Sttee The culvert is equipped with a duckbill valvéat
prevents incoming tide from entering the former tidal creekile still allowing
freshwater discharge (e.g. precipitaticio) exit the marsh when the tide is low in
Wellfleet Harbor. Relatively smalvater surface elevation fluctuatiooscur in the creek

as a result of periodic interruption of tschargdlow as the duckbill valve is closed by
high tides in Wellfleet HarborExisting tidal fluctuations in the marstrealso caused by
leaking aroad the culvert through the Commercial Street embankmBme. elevation of

the culvert combined with the unidirectional influence of the duckbill valve has reduced
the tidal range as well as the mean water level in the creek to such a degree that normal
tidal inundation of the surrounding marsh area no longer ocdurs. study utilizes the
model developed for Mayo Creek in the initial feasibility study and evaluates targeted
solutions that optimize the tide range with limitations applied to the Mean Wfer
(MHW) to avoid potential surface water flooding, and to the Mean Tide Level (MTL) to
avaoid potential groundwater increase8s such, he newly proposed culveghould
increasethe tidal rangewithin Mayo Creekwithout increasing Mean Tide Level (MLJ,

which currently resides al.7 ft NAVD88, or having a Mean High Water (MHW) that
exceeds thelevation of surroundinmfrastructure The lowest lying existingtructure is

at 1.3 ft NAVD88, however the nexetsof dructures are atn elevation of A ft
NAVD88. Therefore, since tleee is only one structure at 1.3 ft both the 1.3 and 2.1
MHW limiting conditions will be evaluated.

This report describes thapplication ofthe Mayo Creek analytical estuarine culvert
model. It presenttheresults fromthe model with diffeent proposedculvert designs, to
identify a feasible option for marsh restoratieith minimal impactdo the infrastructure.
The report is divided into the following sections:

Section 1.0 Introduction

Section 2.(Previous Work

Sectio 3.0 Culvert Design Assessment
Section 4.0 Conclusion and Recommendations

Section 2.0 describes the model and how the model was implemented for this area
including input parameters and calibraticand is essentially a recast of the work
presented in Wads Hole Group (2011)Section 3.0 lays out the different culvert designs
that were investigated and the respitsduced by the hydrodynamic mod&ection 4.0
summarizes the results and gives recommendatorise culvertsizing and components

that ould be considered to advance restoration oMbago Creeksystem
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Figure 1. Location map of Mayo Creek. The magenta outline shown on the
inset of the map indicates the extent of the modeling domain and
encompasses the areads than 10 feet in elevation (NAVD, 1988).
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2.0 PREVIOUS WORK

An analytical estuarine culvert model ftayo Creekwas developedby Woods Hole
Group in 2011to conduct initial assessments of potential marsh restoragions
During that model developamt, hypsometriccurves were createdfor Mayo Creekthat
were also applied in this studyA hypsometric curve, which defines thelationship
between the lancklevation and wetted area, was developed using topographic and
bathymetricelevationsfor the mash system These datavere acquiredusing Light
Detection and RangingLiDAR) and Real Time Kinematic RTK) techniques. The
elevations were transformed into hypsometric csifee both theupper and lowebasns

of the marsh systerfirigure 2 andFigure3). The lower basin starts at the Commercial
Street culvert and extends to Chequessett Neck Rblael.upped basin is constrained by
Chequessett Neck Road and Old Cheqetesdeck Road.The flow from Wellfleet
Harbor and between basins was characterized adwegdloss relationship for the flow
through a circular pipe culvertThis allowedfor the determination ohow the water
elevations change as a functiortiaie ineachbasin.

Elevation (ft-NAVD88)

0 10 20 30 40 50 60

Area (acres)
Figure 2. Hypsometric curve for Mayo Creek lower basin.
Mayo Creek Salt Marsh Restoration 3 December 2016
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Figure 3. Hypsometric curve for Mayo Creek upper basin.

The boundary conditions for this area were characterized by tidalnozdsued in
Wellfleet Harborfor the period 0f3/19/10 to 4/24/10and rainfall conditionsicquired at

the Provincetown Airport. Water elevations were also recorded during the same time
period inside thdower basin. Using a portion of the collected data, theodel was
calibratedfor existingconditions. The model was then validatéal another period using
the collected dataThe modeldevelopment procesand other information about the
previousstudycan befound inthe Woods Hole Group 2011 study.

The valichtedanalytical estuarine culverhodel was used in the current studyassess
different culvert scenariggnaximizingthe tidal range while maintaining a MTL ef.7
ft NAVD88 andalso limitingMHW to a maximum elevation &.1 or 1.3 ft NAVDS88.

Mayo Creek Salt Marsh Restoration 4 December 2016
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3.0 CULVERT DESIGN ASSESSMENT

Theultimate goal of the restoration of the Mayo Creek systetm iimprove the health of
themarshby increasing the tide range artderefore, the intédal area within the marsh.
As discussed i2011Woods HoleGroup studythe currentintertidal zone is limited to
the banks of the perennial streafigire 4), and the tidal range is less than 2 feet
(compared to nearly 10 feet in Wellfleet Harbor).

Figure 4. Mayo Creek Basin with contours of MHW, MLW, and Spring High
tide under existing conditions (does not consider rainfall) From
Woods Hole Group, 2011.

While in the previous study (Woods Hole Group, 2011) various new culvert sizes were
considered, these prieus alternatives were not evaluateith respect tahe surrounding
infrastructure which had not been surveyed at the tinfehe previous study was more
focused on what level of restoration could be attained unencumbered by any
infrastructure restrictiom However, in this evaluatiotimiting factorswere applied to
account for théowest elevation o$urroundingesidences in the area and the effect MTL
might have on the ground water tablEhe lowest single infrastructure asset surrounding
Mayo Creekhas arelevation ofl.3 ft NAVD88, while the next lowest structure 251 ft
NAVDS88. Due to these upper limitations for the water surface elevébioth MTL and
MHW), it was critical toreduce Mean Low Water (MLW) in the system as much as
possible in ader to maximize tidal exchange, range, flushing abibtyd also improve
drainage capacity Therefore, e analysis for theptimum culvert design startedith
determining the lowest MLWevel that could be achievedAs a starting pointinvert
elevatios forthe Commercial Street culvert wareestigated

Mayo Creek Salt Marsh Restoration 5 December 2016
Culvert Design Assessment 20160073
















































